Abstract-Existing anti-plagiarism tools are, in fact, text matching systems but do not make accurate judgments about plagiarism. Texts that are acceptable to be redundant and texts that are cited properly are all highlighted as plagiarism, and the real decision of plagiarism is left up to the user. To reduce the human input and to give more reliance to automatic plagiarism detectors, we propose an Intelligent Plagiarism Reasoner (iPlag), which works by combining several analytical procedures. Scholarly documents under investigation are segmented into logical tree-structured representation using a procedure called D-SEGMENT. Statistical methods are utilised to assign numerical weights to structural components under a technique called C-WEIGHT. Relevance ranking (R-RANK) and plagiarism screening approaches (P-SCREEN) are adjusted to incorporate structural weights, citation evidences, syntax-based and semantic-based methods into plagiarism detection results. We encourage current plagiarism detection systems to adapt the proposed framework.
INTRODUCTION
Plagiarism is an academic misconduct; it copies others' contributions, hurts their feelings, and does not honour originators of ideas. It also rewards the offenders with marks or degrees they may not deserve. Plagiarism in scientific publications has increased, and it is becoming more possible that one day you will see your published work is used in another publication yet without proper attribution. Citation is a way to acknowledge previous works and to distinguish your contributions to the knowledge.
Scientific publications in the same field/area usually share the same general information. Besides, each publication should convey a specific message that contributes to that field. Different contributions can be made in different areas; for example, solving new problems, suggesting solutions to existing problems, experimenting different methods, comparing current methods, enhancing results, and so on. Such contributions of others are considered their ideas and should be acknowledged when reported in a further research. Plagiarism from scientific publications, hence, takes two forms: words and ideas, based on the plagiarised content [1] . Words plagiarism is the form of using some sentences or phrases found in other papers which contain some general knowledge but do not contain original ideas of others. Idea plagiarism, on the other hand, is the form of Figure 1 . Taxonomy of plagiarism [2] using others' innovative, inventive and original ideas as your own. Plagiarism in scientific publications has also been classified into: literal and intelligent, based on the plagiarist's behaviour [2] . In this regard, literal is the practice of verbatim or "cut and paste" of the text from one document to another (might be words or ideas). Intelligent practice involves the act of deceiving readers by changing the plagiarised text to appear in a different shape. Examples include excessive paraphrasing, comprehensive summarising and other substantial linguistic changes in the text. A taxonomy of plagiarism was proposed in [2] to classify various practices of plagiarism, as can be seen in Figure 1 .
Different plagiarism tools have been surveyed in multiple works [3, 4] . Many online solutions are established today; for example, CrossCheck [5, 6] , Turnitin [7] , SafeAssign [8] [15] , SNITCH [16] , Ferret [17] and others. Several studies have reported that using plagiarism checker tools in academia is effective in reducing the problem [18] , and discouraging the students to commit plagiarism [19, 20] . Besides, anti-plagiarism tools help to educate students and authors in different disciplines about plagiarism [21] . Plagiarism detectors work to compare a submitted (i.e., query) document against an intra-or inter-corpus archives.
Methods developed in plagiarism detectors often rely on (i) exact string matching, or (ii) string similarity measures applied on fingerprints, chunks, sentences, or combinations. Such methods have been efficiently implemented to reveal literal plagiarism [2] . Fewer research works have been done [2] based on semantic relatedness, semantic variations, context adaptation, content reduction, and other methods which can be used to detect intelligent practices of plagiarism. To the best of our knowledge, plagiarism detection programs available today do not use any semantic-based methods.
In this paper, we propose a framework called an intelligent plagiarism reasoner (iPlag) that can be a useful addition (or enhancement) to existing systems. The framework defines an analytical procedure for analysing scientific publications, suspecting different kinds of plagiarism, highlighting significant instances, and referencing similar patterns in other publications. Sequential procedures are suggested to collaborate in detecting different types of plagiarism at the document level, section level, paragraph level and sentence level.
The rest of this paper is organised as follows. Section II discusses the related literature on plagiarism detection. Section III discusses the objectives of iPlag. Section IV explores the framework of iPlag and the methodology of its sub-systems. In section V, we discuss the features and the potential market of iPlag, and we draw a conclusion of this work in the last section.
II. RELATED WORKS
Research works on plagiarism detection will be discussed in this section in relation to the type of plagiarism to be detected (see Figure. 1 for the taxonomy of plagiarism).
Methods to detect literal plagiarism involve duplicate/near-duplicate document detection to find documents that have been plagiarised in whole or in part [22, 23] . Exact string matching techniques have been applied widely to detect copied paragraphs, sentences and long sequences, such as word n-grams [24, 25] . Besides, string similarity gauging approaches have been implemented to detect plagiarism by inserting, deleting, and substituting phrases/words [26, 27] . These methods are also suitable to detect slight changes in the syntax of the text such as changing from active to passive forms. In [28] , the Longest Common Sequence (LCS) similarity measure was combined with syntactical Parts-Of-Speech (POS) features to find plagiarism. Other plagiarism detection methods generally work through tokenising the text, constructing word n-grams, and utilising vector similarity metrics [29, 30] . Such methods can positively detect plagiarism when it is done by sentence/phrase recording and syntax rebuilding of statements. Techniques to detect intelligent practices of plagiarism have gained less attention in the literature as reported in [2] . Particularly, plagiarism by paraphrasing the text or summarizing the content is not catered by the methods discussed above. In [31] , the semantic similarity among short passages is computed based on lexical databases, word sequences, and corpus statistics. A fuzzy-based method was proposed to detect similar, but not necessarily the same, sentences [32] . Semantic-based and fuzzy-based methods can be successful to detect plagiarism by text manipulations. To detect translated plagiarism, a number of cross-language plagiarism detection approaches have been proposed [33] [34] [35] [36] . A recent work [37] has discussed the use of structural information in scientific publications to detect significant plagiarism cases which, in fact, contributes to the concept of idea plagiarism (see Figure 1 ; Idea Adoption). This work is a complement and supplement to the work in [37] . Here we propose a framework using a more detailed representation of documents and a different plagiarism screening methods.
III. PROBLEM AND QUESTIONS
In this paper, we address the problem of analysing scientific publications against a set of source collection to detect plagiarism. We aim to explore some questions such as: (i) How to detect different types of plagiarism beyond verbatim plagiarism? (ii) How to report noteworthy plagiarism cases, deal with texts that are cited properly in a manuscript, and ignore texts acceptable to be redundant amongst several papers (e.g., acknowledgements)? (iii) How to detect plagiarised texts which have the same semantic meaning, but not the same words, with original sources?
IV. FRAMEWORK OF INTELLIGENT PLAGIARISM REASONER (IPLAG)
This paper proposes a framework called intelligent plagiarism reasoner (iPlag) to report plagiarism in scientific publications that is accurate and reliable. The word "intelligent" refers to the detection method which is designed to simulate a human's checking of plagiarism, particularly in scholarly papers. Based on experience, one who is a professional in a certain field may check the originality of a scientific publication and find out about plagiarism manually. To clarify, an expert is able to: (i) decide the contributions in different parts of a paper such as findings, discussions and conclusions, (ii) suspect ideas or findings that might be taken from somewhere else, (iii) search the most relevant articles (e.g. having similar titles or abstracts). Meanwhile, the human checker does not pay attention to every statement but only sentences that convey original ideas, and ignores unimportant parts (e.g., general information, known theories, acknowledgements, etc.). The word "reasoner" refers to the ability of the framework to detect different kinds of plagiarism and to report which practice(s) was(were) used by the plagiarist to commit plagiarism. iPlag should have the capability to calculate the degree of change with regard to original texts, and the degree of significance in committed plagiarisms. Figure 2 presents the framework of iPlag with four sequential procedures as follows. D-SEGMENT refers to the segmentation process of scientific publications into several structural components. A combination of statistical measures is used to assign a numerical weight (i.e. degree of importance) to the structural components in scientific publications via a procedure called C-WEIGHT. The outcome of the previous procedure is used to improve the retrieval results of relevant sources of plagiarism via the R-RANK module. Plagiarism screening process, called P-SCREEN, is applied based on a hierarchy of plagiarism detection methods wherein component weights, citation evidences, syntax correlation, and semantic relatedness are exploited to reason each plagiarism case. Figure 2 shows the possible outcomes from each stage. The following subsections discuss each procedure in detail.
A. Document Segmentation: D-SEGMENT
The framework starts with dividing scientific publications into several meaningful components. Then, a hierarchical tree-structured document representation is built to arrange the components in each document. Examples of trees include:
• document->sections->paragraphs • document->paragraphs->sentences
• document->topics->paragraphs and so on. In this framework, we use the logical structure organisation of scientific publications which include most (if not all) of the following categories: Title, Owner (i.e. author), Abstract, Introduction, Literature review (related previous works, etc.), Methodology, Evaluation (results, discussions, findings, etc.), Acknowledgements, and References. These categories are called generic classes and are represented as the 2 nd level in the tree as shown in Figure 3 .
Further, generic classes involve different structural components such as head titles, paragraphs, tables, table captions, equations, figure captions, footnotes, etc. Structural components are further segmented into sentences using a sentence splitter, and all texts are tokenised (i.e. divided into terms). As a result, scientific publications are represented as a four-level tree:
• document->classes->components-> sentences Such comprehensive tree-structured representation, shown in Figure 3 , assists to understand the topics and the ideas in the publication.
Citation parsers, such as the tool developed by Loung et al. [38] , can be applied to extract citations and references. Figure 4 shows a three-level tree for parsed citations in scholarly documents. The tree is represented as follows:
• document->inTextCitation(text,marker) ->references whereby the in-text citation has two elements. First is the fragment of text (quoted or rephrased) that is taken from another reference. Second is the citation marker which links that piece of text to one of the references. Citation markers take two forms: numerical (e.g. IEEE style in this paper), and authorial (e.g. writing the author's last name).
B. Component Weighting: C-WEIGHT
Structural components within an article can be assigned numerical weights to indicate how important that component is to the article. In [37] , we explored the use of structural information to detect significant plagiarism cases in scientific publications. Different functions (eleven equations) were proposed to compute components' weights based on three statistical measures namely Inverse Generic Class Frequency, Depth and Spread. The study compared these functions and reported that combined Spread and Depth improved the retrieval of potential candidates to the suspected document and yielded better detection results [37] .
Based on the above, we suggest the use of statistical measures as follows. Spread of a term t defines the number of structural components that contain the term. Depth of a term t refers to the frequency of the term in a class (unlike normal term frequency which considers the number of the term's occurrences in the whole document). Thus, Spread and Depth can be combined to find the weight w of a structural component c in a generic class Gc, which can be expressed as follows: (1) where spread(t) is the number of components that has t, tf t,Gc is the frequency of t in the generic class Gc which has t, and maxtf Gc is the maximum frequency occurs in that class.
C. Relevance Ranking: R-RANK
Instead of comparing the submitted publication with everything in the source archives, relevant publications that may be the potential sources of plagiarism should be retrieved at glance. In iPlag, we recommend a method to order relevant candidates according to the weights of structural components. In this sense, a modification on typical retrieval methods could be done to consider weighted components. In [39] , the authors adapted the original BM25 similarity ranking formula with regard to the weights defined in different blocks of webpage documents. The similarity of a document d and a user query q is expressed as follows: 
Similarly in [37] , we modified the term frequencyinverse document frequency (TF-IDF) weighting used in typical information retrieval systems to comprise the weights of structural components. Thus, the similarity formula of a document d with regard to a user query q is given by:
where w t,d and w t,q is expressed based on term frequency tf t,c of a term t in a component c, and the weight w(c) as expressed in (5).
Notice that d refers to the documents in the source archives while q refers to the submitted document in the plagiarism detection systems. Documents that gain higher relevancy (i.e. sim(d,q) based on either formula) than a threshold will be retrieved and ranked. The threshold can be tuned during the experiments to a particular collection.
D. Plagiarism Screening: P-SCREEN
Retrieval of a list of relevant sources is not the end goal of any plagiarism detection system. Users normally wish to see side-by-side comparisons of submitted documents and their candidates. The last part of the framework involves several sub-procedures which corporately aim to scan the submitted publication for plagiarism cases and present the originality report.
In [37] , we examined a structural component-based overlapping between the submitted publication's components and all relevant sources. The overlapping distance between two components c and c′ was suggested as follows [37] : (6) where Δ is the significance factor as will be explained shortly. The formula in (6) suggests a small distance if both components share many of their terms, and a big distance (i.e. dissimilarity) otherwise. This method is, in fact, successful to report verbatim plagiarism, or when sentences are restructured and phrases are reordered. Notice that the method works on the component-level (e.g. paragraphs). Although this approach may be faster than statement-by-statement comparison, recall results principally need to be improved (highest recall 0.6).
To enhance plagiarism detection results, we propose a plagiarism screening procedure that is capable to handle different types of plagiarism with accuracy and reliability. The procedure is "somehow" similar to a decision support (2) system (DSS) in the sense that it aids to decide which type of plagiarism, and how does it matter based on known factors found in the text.
To start with, we refer to the submitted publication (i.e., the query document) as q, and the source publication ranked as relevant as d. In the first step, all components in q and d with weight w(c) equals (or nearly equals) to zero are excluded. This is to filter out sections that is not important to be checked such as acknowledgement, references, authors' bio-data, etc. Further, components in q with citation evidence are completely excluded. Texts within a component that have citation evidence are also removed (but not the whole component). Remaining texts will be analysed in the next steps. These steps may reduce texts to be processed with an approximate ratio of 10%-30%.
Then, the overlapping distance (i.e. Jaccard similarity) between components in q and d (3 rd -level nodes) is computed according to equation (7), and a plagiarism case will be regarded if most of the text in q's component is overlapped with d's component. A decision can be given for these plagiarism cases as "literal plagiarism". (10) where |q| is the total length (in terms) of q, and |p| is length of a plagiarism case in q plagiarized from d.
Definition 4:
The overall similarity index (OSI) of q is the percentage of all plagiarism cases found in q. The overall plagiarism screening process is summarized in the next pseudo code:
V. FEATURES AND POTENTIAL MARKET Important features that characterise the system is partitioning the text into semantic organisation and building citation evidence tree extraction using existing well-developed free tools. Other features include component weighting for important contents and advanced plagiarism screening results, such as degree of significance and degree of change in detected instances. Potential market for the proposed framework include patent offices, educational providers, universities, schools, publishers and archive managers who wish to use offline/online plagiarism detection systems. It can also be used in academic writing assistance software.
VI. CONCLUSION AND FUTURE WORK
This paper describes a conceptual framework for a plagiarism reasoner called iPlag that deems to give "intelligent" decisions on plagiarism practices found in scientific publications. The framework is described in detail throughout the paper and we believe that it is possible to adapt current plagiarism detection tools to use the iPlag's features. As this paper focused on the development issues mainly, future work will include the evaluation of this framework and comparison with existing plagiarism detection systems.
